The distribution of iron between the sheaths and the cells of iron-inhibited Sphaerotilus cultures was determined. The experiment was conducted with different soluble iron forms as inhibitors. The growth inhibition was found to be related to the iron sorbed by the cells rather than by the sheaths. At the 90% inhibition level, iron sorbed by the cells ranged from 13 to 15 mg/g of organism for all three inhibitors tested. For 50% inhibition, the iron sorbed by the cells ranged from 7 to 8 mg/g of organism. The iron sorbed by the sheaths varied widely, ranging from 23 to 118 mg/g of organism at the 90% inhibition level and from 11 to 61 mg/g at the 50% inhibition level. The degree of inhibition is closely related to the amount of iron sorbed by the cells, which in turn is a function of the type of iron compound or complex used. The solubility of the iron is a major consideration.
Deposits of iron on the sheaths of Sphaerotilus cultures have been reported by several investigators (3, 4) . The relationship between these iron deposits and the growth of the organism has been a source of controversy (6) . In a recent study, the inhibition of Sphaerotilus growth was found to be related to the amount of iron sorbed by the culture (1) . The form in which iron was added to the culture was a factor in determining the degree of inhibition per unit of iron sorbed. Soluble iron complexes, such as iron-cysteine and iron-citrate, and soluble iron compounds, such as ferrous sulfate, were found to be much more inhibitory than relatively insoluble compounds, such as ferric hydroxide or ferrous carbonate.
It was suspected that the soluble forms of iron could penetrate the sheaths and be sorbed by the cells. The insoluble iron compounds were intercepted by the sheaths, preventing the inhibition of cell growth. Cultures. The strain of Sphaerotilus used in this study was isolated from a bulked laboratory activated sludge system and has been described previously (1) .
Experimental procedure. 
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Samples of the cultures were then taken to determine the distribution of iron between the sheaths and the cells of the organisms. The inhibition of the test cultures was not measured but was determined from previous Warburg studies (1), with the iron dosage being used to predict the degree of inhibition.
The procedure for determining the distribution of iron between the sheaths and cells of the iron-inhibited Sphaerotilus cultures is described as follows. The sample was first washed three times with equal volumes of distilled water to remove the residual soluble iron in the culture. The organism mass was recovered by centrifugation at 6,000 rpm for 20 min in a Sorvall Superspeed centrifuge (SS-34 rotor, Ivan Sorvall, Inc., Norwalk, Conn.). The sheaths with their iron were then isolated from the precipitate by the method described by Romano and Peloquin (5). The washed sample was lysed with lysozyme and ethylenediaminetetraacetic acid in tris(hydroxymethyl)aminomethane buffer and then with sodium dodecyl sulfate. The sample was examined microscopically until the cells within the sheaths completely disappeared. After the cells were lysed, the iron released was chelated with ethylenediaminetetraacetic acid and dissolved in the liquid. The sheaths with their iron were recovered by centrifugation at 15,000 rpm for 20 min in a Sorvall Superspeed centrifuge, and the supernatant was collected for iron analysis. All of the iron in the supernatant was presumably from the lysis of the cells. The sheaths with their iron recovered by centrifugation were dissolved in 2 N HCl for iron determination.
To answer the question about whether the ethylenediaminetetraacetic acid dissolved some iron from the sheaths, a blank test for the cell lysis process was conducted (lysozyme and sodium dodecyl sulfate were replaced with distilled water). An 
RESULTS AND DISCUSSION
The results from the analysis of the iron distribution in the iron-inhibited Sphaerotilus organism were compared with the corresponding growth inhibition of the Sphaerotilus culture (Fig. 1, 2, and 3 as the inhibitor, the organism inhibition increased proportionally with the addition of iron as Fe up to a concentration of 6 mg/liter, when the inhibition reached 90% (Fig. 1) An inhibition curve similar to that in Fig. 1 is shown in Fig. 2 . With FeSO, as the inhibitor, the organism inhibition increased with the addition of iron; however, the inhibition increased at a lower rate than it did with iron-cysteine as the inhibitor. The inhibition reached its maximum (90%) at an iron (as Fe) concentration of 10 mg/ liter. Figure 3 shows that, with iron-citrate as the inhibitor, the organism inhibition increased with the addition of iron, but at a considerably slower rate than it did with FeSO4 as the inhibitor. The inhibition reached 90% only after 40 mg of iron per liter was added.
The above discussion suggests that, at low levels of iron concentration, the organism inhibition increased with the addition of iron; however, as the iron concentration increased over certain levels (i.e., 6 mg/liter with iron-cysteine and 10 mg/liter with FeSO4), no further increase in inhibition was observed. Consequently, evaluation of the relationship between iron sorption and organism inhibition was more meaningful in the range of iron dosages below that which achieves maximum inhibition.
The data in Fig. 1, 2 , and 3 show clearly that higher concentrations of soluble iron result in increased organism inhibition. These figures also suggest that there may be a relationship between inhibition and the distribution of iron within the organism. The data in Table 1 were obtained from these figures by determining the total amount of iron sorbed, the amount of iron sorbed by the sheaths, and the amount of iron sorbed by the cells at 90 and 50% levels of inhibition. Table 1 shows that there was a wide variation in the quantity of iron that had to be added to achieve a given inhibition level when iron-cysteine, ferrous sulfate, or iron-citrate was used. Iron dosage requirements ranged from 6 to 40 mg/liter for 90% inhibition and from 4 to 25 mg/ liter for 50% inhibition. A similar relationship exists for the total amount of iron sorbed, with dosage requirements ranging from 23 to 118 mg of iron per g of organism for 90% inhibition and from 11 to 61 mg/liter for 50% inhibition. The iron sorbed by the sheaths also varies substantially, ranging from 8 to 104 mg/g for 90% inhibition and from 3 to 50 mg/g for 50% inhibition.
It is apparent from these data that there is no correlation between the degree of inhibition and the total amount of iron sorbed by the organisms or the iron sorbed by the sheaths. There does appear to be a strong correlation between the amount of iron sorbed by the cells and inhibition. At 90% inhibition, the amount of iron sorbed by the cells ranged from 13 to 15 mg/g of organism for the three iron inhibitors tested. At 50% inhibition, the amount of iron sorbed by the cells ranged from 7 to 8 mg/g. It appears that inhibition is occurring in the cells rather than in the sheaths. Therefore, for iron to be an effective inhibitor, it must be in a form that can penetrate the sheaths and contact the cells. The solubility of various species and complexes of iron over a range of pH values appears to play a major role in determining the distribution of iron within the growth medium, sheaths, and cells. To enhance the penetration of iron into the cells, a soluble iron compound or complex that is stable over a wide pH range is desirable. Sheaths appear to be protective mechanisms that prevent the iron from contacting cells. This is substantiated by Pringsheim (4) 
